The carbon system module adds two new state variables to the GoMBio model: dissolved inorganic carbon (DIC, mmol m -3 ) and total alkalinity (TA, mmol m -3 ). These new state variables are described following Laurent et al. (2017) formulations. Accordingly, the time change of DIC and TA is given by the following equations:
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where wP is diatom sinking velocity (m s -1 ).
wDS is small detritus sinking velocity (m s -1 )
wLS is large detritus sinking velocity (m s -1 ) The 4/16 factor in (4) accounts for the coupled nitrification-denitrification impact on the NH 4 sediment flux.
r !:! is the carbon to nitrogen ratio
The air-sea CO2 flux is described by Wanninkhof (2014) formulation:
where F CO2 is in mmol CO 2 m -2 day -1 = 0.251 (cm h -1 )(m s -2 ) -2 U 10 is wind speed at 10 m height (m s -1 )
Sc is the Schmidt number for CO 2 (dimensionless) κ 0 is the solubility of CO 2 (mmol C m -3 atm -1 ) ! !"#$% is the surface ocean pCO 2 (atm) ! !"# is the atmospheric pCO 2 (atm) Figure S1 . a) Scatterplot and adjusted linear regression for total alkalinity (TA) in the Mississippi river versus the Atchafalaya river; b) same as panel a but for dissolved inorganic carbon (DIC). The adjusted linear regressions are TAAT = 1.069 TAMS -456.4 (R 2 = 0.65), and DICAT = 1.045 TAMS -402.0 (R 2 = 0.64). The adjusted function used to prescribe atmospheric CO 2 (red line) is given by: xCO 2 (t) = 334.8763 + 1.5127·t -0.0055·t 2 + 0.0003·t 3 + 2.7656·sin(2πt) -0.9735·cos(2πt) -0.4750·sin(2πt) + 0.6721·cos(2πt) -0.0755·sin(2πt) + 0.0376·cos(2πt) + 0.0505·sin(2πt) -0.0382·cos (2πt) where xCO 2 is the mole fraction of CO 2 in ppm and t in years since January 1 st 1978.
The adjusted values compare well with CO 2 observations from the Atmospheric Infrared Sounder (AIRS; https://airs.jpl.nasa.gov/; last access August 16 th , 2018) spectrometer over the Gulf of Mexico during 2002-2014. Note that the AIRS series is column (stratospheric) CO 2 . Although differences can be expected between surface and column CO 2 , those differences are few ppm in the GoM. 
